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Abstract  Appendicitis  and  diverticulitis  of  the  colon  are  the  two  main  causes  of  febrile  acute
abdomen in  adults.  Diagnosis  from  imaging  (ultrasound  and  CT)  is  usually  easy.  However,  an
imaging procedure  which  is  not  suitable  for  the  clinical  situation  and  an  examination  performed
with the  wrong  protocol  are  sources  of  error  and  must  be  avoided.  Anatomical  variants,  inﬂam-
matory cancers,  complicated  forms  (perforation,  secondary  occlusion  of  the  small  intestine,
peripheral  abscesses,  ﬁstulae,  pylephlebitis,  liver  abscesses)  and  associated  signs  related  to  a
peritoneal  inﬂammatory  reaction  (reﬂex  ileus,  reactive  ileitis  or  salpingitis)  can  also  lead  to  a
wrong diagnosis.
©  2013  Éditions  françaises  de  radiologie.  Published  by  Elsevier  Masson  SAS.  All  rights  reserved.
Diverticulitis  of  the  colon  and  appendicitis  are  the  most  common  reasons  for  consulting
for  acute  abdominal  pain  with  a  raised  temperature.  Diagnosis  of  them  is  based  largely
on  imaging  data  (ultrasound  and  CT);  the  classic  radiological  signs  of  appendicitis  and
diverticulitis  are  simple  and  their  diagnosis  from  imaging  is  often  easy.  However,  atypical
presentations  can  lead  to  a  wrong  diagnosis  due  to:
• traps  related  to  the  use  of  an  unsuitable  technique;
• traps  related  to  the  anatomy  (anatomical  variations);
• traps  related  to  complications;
• the  existence  of  many  alternative  diagnoses  that  can  mimic  diverticulitis  of  the  colon
or  appendicitis.
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Urinary  and  gynaecological  conditions  can  also  mimic
ppendicitis  but  will  not  be  developed  in  this  paper.  The
ocus  here  is  on:
providing  a  concise  reminder  of  the  techniques  used
(ultrasound  and  CT),  and  the  results  for  typical  forms,
emphasising  the  diagnostic  traps  associated  with  poor  or
inappropriate  techniques;
illustrating  the  traps  related  to  complicated  forms  or
anatomical  variants;
being  aware  of  the  main  differential  diagnoses  and  sug-
gesting  them.
xploration techniques
ltrasonography
echnique
he  ultrasound  examination  is  carried  out  with  a  low  fre-
uency  probe  (3.5  MHz)  to  explore  the  entire  abdominal
avity,  then  a  surface  probe  (6—12  MHz)  to  search  for
he  appendix  or  abnormality  of  the  colon  wall.  Graduated
ompression,  described  by  Puylaert,  is  an  essential  step  in
he  diagnosis.  It  not  only  helps  precisely  locate  the  pain,
ut  also  reveals  the  non-compressibility  of  any  inﬂamma-
ory  tissues  (lumen  of  the  appendix  or  colon,  inﬂammatory
at),  which  is  a  very  good  diagnostic  sign.  Omitting  this  tech-
ical  approach  is  a  known  source  of  diagnostic  error  [1,2].
ransvaginal  ultrasound,  in  women  of  childbearing  age,  is
ssential  not  only  to  eliminate  a  gynaecological  condition
ut  also  to  make  a  positive  diagnosis  of  pelvic  appendicitis
r  sigmoid  diverticulitis.
esults
ppendicitis
n  ultrasound  examination  should  be  preferred  as  the  ﬁrst-
ine  investigation  when  confronted  with  acute  febrile  pain
n  the  right  iliac  fossa  suspected  of  being  appendicitis,  par-
icularly  when  the  patient  is  young  [3].  The  normal  appendix
ppears  as  a  structure  with  a  blind  end  arising  from  the
ottom  of  the  caecum,  with  no  peristalsis  and  having  the
ppearance  of  a  digestive  structure  [4].  In  ultrasound,  an
bnormal  appendix  is  non-compressible,  non-peristaltic  and
as  a  diameter  of  more  than  6  mm,  associated  with  inﬁl-
ration  of  the  periappendiceal  fat  that  appears  hyperechoic
3—5].
There  are  numerous  diagnostic  traps  with  ultrasound:
false  negatives:  not  seeing  a  normal  appendix  should
not  be  considered  reassuring;  the  appendicitis  may  be
retrocaecal,  mesocoeliac,  pelvic  or  even  perforated;  an
appendix  which  is  not  entirely  visible  can  mean  not  recog-
nising  distal  appendicitis  [6];
false  positives:  they  are  less  common  and  concern  tubu-
lar  structures  (fallopian  tubes,  small  intestine,  dilated
ureters)  mistaken  for  appendicitis  [7].  The  particular  case
of  right  diverticulitis  with  a  coprolith  at  the  base  of  the
inﬂamed  diverticulum  is  a  classic  source  of  error.  Find-
ing  a  normal  appendix  in  its  usual  position  is  of  primary
importance.
H
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iverticulitis
ypically,  diverticulitis  produces  thickening  of  the  wall
f  the  colon,  retaining  the  layers,  which  is  surrounded
y  hyperechoic  inﬂammatory  fat.  The  whole  structure  is
ainful  and  incompressible  as  the  probe  passes  over.  An
nﬂamed  diverticulum  is  sometimes  visible:  its  wall  is  thick-
ned  and  surrounded  by  hyperechoic  inﬂammatory  fat;  its
umen  sometimes  contains  a coprolith  producing  a  posterior
hadow  cone  [8,9].
T scan
T  has  assumed  a  prominent  position  in  exploration  of
ebrile  acute  abdomen  by  enabling  comprehensive  examina-
ion  of  the  digestive  tract,  its  wall  and  its  fatty  environment
10—13].
echnique
cquisition  without  injection  of  the  entire  abdomen  and
elvis  (120  kV,  or  100  kV  for  thin  subjects,  30  to  50  mAs)  is
ndicated  to  adapt  the  injection  protocol,  eliminate  any  con-
raindication  to  an  enema  (voluminous  pneumoperitoneum,
cclusion)  and  better  visualise  any  foreign  body  (a  copro-
ith)  [14]. Diverticulitis  and  appendicitis  can  be  positively
iagnosed  without  injection  of  a  contrast  agent  [15—17].
owever,  in  thin  individuals  with  little  intraperitoneal  fat,
njection  of  a  contrast  agent  helps  localise  abnormalities
etter  by  showing  the  inﬂamed  colon  or  appendiceal  walls
hich  will  be  intensely  enhanced  (Fig.  1).  Finally,  certain
erious  complications  of  appendicitis  and  diverticulitis  (per-
oration,  abscess,  pylephlebitis),  the  presence  of  which  may
lter  therapeutic  management,  are  much  more  visible  in
ontrast-enhanced  examinations  [10].
If  there  are  no  contraindications,  images  are  acquired
overing  the  whole  of  the  abdomen  and  pelvis,  after  injec-
ion  of  1.5  ml/kg  of  iodinated  contrast  agent  containing
50  mg/cl,  with  an  injection  rate  of  2.5  ml/s,  in  the  portal
hase  (70  seconds).
The  focused  CT  technique,  consisting  of  a  selective
tudy  of  the  submesocolic  abdomen  and  pelvis,  has  been
upported  essentially  by  Rao,  who  argues  that  it  is  less  irradi-
ting  [18—20]. However,  two  studies  have  clearly  shown  that
ot  exploring  the  supramesocolic  abdomen  in  a  patient  pre-
enting  pain  in  the  right  iliac  fossa  signiﬁcantly  reduced  the
ensitivity  of  CT  for  diagnosis  of  all  the  possible  differential
iagnoses  of  surgical  acute  abdomen  [21].
The  need  to  develop  low  dose  scans,  especially  in  young
atients,  appeared  with  multi-detector  row  CT  [17,22].
he  indications  must  be  discussed  and  each  acquisition
ust  be  optimised.  In  response  to  the  growing  preoccupa-
ion  with  radiation  protection,  manufacturers  have  recently
ntroduced  a  protocol  for  CT  reconstruction  based  on  a
athematical  algorithm  applied  to  the  raw  data,  with  the
im  of  improving  the  signal/noise  ratio,  the  ultimate  goal
eing  to  obtain  good  quality  slices  with  a  minimum  dose.
Opaciﬁcation  via  the  rectum  with  water  or  diluted
ater-soluble  agents  (2—3%)  is  not  essential  for  diagnosis.
owever,  it  has  a  number  of  advantages:
it  helps  in  identifying  the  bottom  of  the  caecum  (espe-
cially  in  an  ectopic  situation),  which  is  sometimes  very
difﬁcult  in  thin  subjects  with  no  intraperitoneal  fat;
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Figure 1. Acute appendicitis: the contribution of injection of an intravenous contrast agent: a: axial slice without injection: considerable
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is clearly visible due to the considerable annular enhancement of it
• it facilitates  examination  when  the  wall  of  the  colon  is
thickened  (appendicitis  complicated  by  caecitis,  diverti-
culitis  complicated  by  an  intraparietal  abscess)  [19];
• it  eases  diagnosis  when  injection  of  a  contrast  agent  is
contraindicated  [20].
At  present,  there  is  no  agreement  as  to  whether  the
ideal  contrast  material  in  both  situations  is  water  [23,24]
or  a  diluted  water-soluble  iodinated  contrast  agent.  Where
diverticulitis  is  suspected,  diluted  water-soluble  contrast
opaciﬁcation  should  be  preferred  to  show  up  a  ﬁstula  tract
or  communication  between  the  lumen  of  the  colon  and  an
abscess.
Oral  opaciﬁcation  with  water  or  a  diluted  water-soluble
iodinated  contrast  agent  should  not  be  undertaken  in  the
event  of  febrile  acute  abdomen.
Multiplanar  reconstructions  are  a  great  help  in  examining
an  acute  abdomen.  They  are  particularly  useful  where  there
are  anatomical  variants  [25—27].
Results
Appendicitis
An  inﬂamed  appendix  has  a  diameter  greater  than  6  mm  in
CT  images  and  circumferential  thickening  of  its  superior  wall
equal  to  or  greater  than  3  mm.  Periappendiceal  inﬂamma-
tory  signs  are  easy  to  identify  with  CT  and  are  often  the  key
to  diagnosis  [28].
CT  diagnostic  traps  due  to  an  inadequate  technique  (no
injection  of  iodinated  contrast  agent,  no  opaciﬁcation  of
the  colon)  are  not  seeing  the  appendix  due  to  the  absence
of  visceral  fat  in  thin  patients,  or  because  of  a  perforated
appendicitis,  and  an  unrecognised  ectopic  caecum.
Diverticulitis
In  CT,  the  signs  of  uncomplicated  diverticulitis  associate
signs  involving  the  colon  wall  (thickening,  diverticula)  with
pericolic  fat  abnormalities,  consistently  found  as  den-
siﬁcation.  Isolated  thickening  of  the  wall  of  the  colon
with  diverticula  is  generally  due  to  muscular  thickening
i
i
d
warly identiﬁed (arrow); b: axial slice after injection: the appendix
amed wall, with a ‘‘target’’ image (arrow).
myochosis)  which  contributes  to  diverticulosis.  In  so-called
‘severe’’  forms,  the  previous  signs  are  associated  with  the
resence  of  gas  in  an  extra-digestive  position  and/or  the
resence  of  one  or  more  mesosigmoid  abscesses  or  a  remote
bscess  in  the  peritoneal  cavity.
The  main  diagnostic  trap  as  regards  CT  concerns  the  time
t  is  performed  [29,30].  An  examination  which  is  performed
oo  late  may  no  longer  pick  out  the  CT  signs  of  diverticulitis
Fig.  2).  The  examination  must  be  performed  within  24  hours
f  a  patient’s  admission  to  hospital,  and  within  72  hours  of
iagnosis  and  the  initiation  of  antibiotic  treatment  for  out-
atients,  i.e.  generally  within  48  hours.
iverticulitis: misleading forms
espite  a  usually  easy  diagnosis  with  CT,  anatomical  vari-
tions  and  complicated  forms  can  lead  to  wrong  diagnosis
31].
ocations and atypical forms
hile  the  majority  (90%)  of  incidents  of  diverticulitis  occur
n  the  sigmoid  colon,  any  segment  of  the  colon  can  be
ffected,  including  the  rectum.
iverticulitis  with  retroperitoneal  repercussions
orms  with  retroperitoneal  expression  are  naturally  the  pre-
erve  of  diverticulitis  of  the  ﬁxed  parts  of  the  colon,  located
n  the  anterior  pararenal  space  of  the  right  and  left  colon.
nvolvement  of  a  posterior  diverticulum  can  result  in  an
ffusion  or  thickening  of  the  retroperitoneal  fascia,  a  retrop-
eumoperitoneum,  or  urethritis  [32]  (Fig.  3).
Diverticulitis  of  the  right  colon  and  caecum  is  rare  (1.5%)
n  Western  countries  but  poses  a  particular  problem.  Its  clin-
cal  diagnosis  is  almost  never  made,  but  there  are  many
ifferential  diagnoses  of  inﬂammatory  or  tumour  diseases
hen  there  is  pain  in  the  right  iliac  fossa.  The  CT  signs
774  E.  Sibileau  et  al.
Figure 2. Sigmoid diverticulitis: complete healing a considerable time after medical treatment: a, b: axial slices: uncomplicated sigmoid
diverticulitis: thickening of the wall of the colon (thick arrow) with two diverticula (thin arrow), inﬁltration of the fat and perisigmoid
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miquid effusion (star); c: axial slice: complete disappearance of the 
f antibiotic treatment.
f  right  colonic  diverticulitis  were  ﬁrst  described  by  Balt-
azar  et  al.  and  are  no  different  from  those  described
or  sigmoid  diverticulitis  [33].  Jang  et  al.  and  Rao  et  al.
ave  suggested  adding  the  sign  of  an  inﬂamed  diverticulum
18,34,35],  which  is  a  diverticulum  in  the  centre  of  peri-
olic  fat,  the  walls  of  which  are  thickened  and  the  virtual
umen  sometimes  the  site  of  a  clearly  visible  coprolith  on  non
ontrast-enhanced  acquisitions  (Fig.  4).  Its  presence  elim-
nates  appendicitis  and  right  colon  cancer  with  excellent
peciﬁcity  [35].
iverticulitis  of  the  transverse  colon
ecause  of  its  rarity,  the  clinical  presentation  of  diverticuli-
is  of  the  transverse  colon  ﬁrst  of  all  leads  to  considering
he  common  causes  of  epigastric  pain  (cholecystitis,  gastro-
uodenal  perforation,  pancreatitis)  [36].  It  is  often  difﬁcult
o  distinguish  between  cholecystitis  and  transverse  diverti-
ulitis  where  the  inﬁltration  of  the  pericolic  fat  extends  to
he  bed  of  the  gallbladder  (Fig.  5).  Ultrasound  examination
f  the  wall  of  the  gallbladder  can  often  point  the  diagnosis
n  the  right  direction.
iverticulitis  of  a giant  diverticulum
he  size  of  diverticula  varies  (2—3  mm  to  2  cm).  A  giant
iverticulum  is  deﬁned  as  being  more  than  4  cm  in  size  and
s  rare:  only  150  cases  have  been  reported  in  the  literature
37].  It  should  not  be  mistaken  for  a  pericolic  abscess  and,
here  there  is  the  slightest  doubt,  percutaneous  drainage
hould  be  contraindicated.  It  is  often  diagnosed  retrospec-
ively  due  to  persistence  after  antibiotic  treatment  of  a
arge  gas-ﬁlled  image  communicating  with  the  lumen  of  the
olon  (Fig.  6).omplicated diverticulitis
iverticulitis  creates  locoregional  inﬂammation  which,
tep  by  step,  affects  pericolic  fat,  the  mesentery,  the
•ening of the colon wall and local inﬂammatory signs after 2 weeks
etroperitoneum  and  the  pelvic  subperitoneal  space,  caus-
ng  initial  failure  to  diagnose  diverticulitis.
Complications,  which  can  be  striking  and  in  the  forefront,
ay  mask  the  aetiological  diagnosis.
erforation  and  abscess  formation
his  is  seen  as  the  presence  of  extra-digestive  gas  bubbles,
n  air-liquid  collection  in  the  adjacent  fat,  colon  wall  or  at
 distance  from  it  [38].
The  sigmoid  colon  has  two  sides,  a  mesosigmoid  side
nd  an  anti-mesosigmoid  side  (or  mesenteric  surface).
ost  diverticular  perforation  of  the  sigmoid  occurs  in  the
esosigmoid,  which  explains  the  absence  of  a  voluminous
neumoperitoneum.  Conversely,  perforation  on  the  free  side
or  mesenteric  surface)  of  the  sigmoid  is  more  serious,
esulting  in  voluminous  pneumoperitoneum  (often  supra-
nd  submesocolic),  with  an  increased  risk  of  faecal  peri-
onitis  (Fig.  7).
cclusion  of  the  small  intestine
cclusion  of  the  small  intestine  secondary  to  diverticulitis
s  rare  and  often  of  mixed  mechanical  and  functional  origin
39]. It  is  usually  associated  with  perforation  on  the  anti-
esosigmoid  side;  the  loops  of  the  small  intestine  become
mpacted  around  the  site  of  the  intraperitoneal  infection
o  that  there  may  be  failure  to  recognise  diverticulitis.  It
s  important  to  think  of  this  when  faced  with  a  picture  of
ebrile  occlusion  and  to  diagnose  it,  because  treatment  is
ften  surgical.
cclusion  of  the  colon
his  constitutes  10%  of  all  organic  colon  occlusions  [40].
It  is  explained  by  two  associated  physiopathological
echanisms:
thickening  of  the  muscle  layer  within  the  colon  wall
by  ﬁbrosis  (myochosis),  related  to  recurrent  episodes  of
diverticulitis  and  responsible  for  a  chronic  sub-occlusive
state;
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Figure 3. Sigmoid diverticulitis complicated by urinary involvement (bladder and ureter): a: axial slice: colon with a thickened wall and
pericolic inﬁltration in contact with the left pelvic ureter (arrow); b: axial slice: sigmoid-vesicular ﬁstula (thick arrow) with intravesicular
d ure
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wair; c: coronal slice: obstructive hydronephrosis due to long inﬂame
• thickening  of  the  colon  wall  due  to  submucosal  oedema,
related  to  acute  inﬂammatory  phenomena,  and  responsi-
ble  for  worsening  the  sub-occlusive  state  (Fig.  8).
In  this  context,  it  is  often  impossible  to  distinguish  the
condition  from  inﬂammatory  colon  cancer  [41].
Fistulation  and  impact  on  adjacent  organs
Some  ﬁstulae  are  relatively  simple  to  diagnose  with  CT,
as  is  the  case  for  colovesical  ﬁstulae  where  the  presence
of  gas  in  the  anterior  part  of  the  bladder  indicates  the
diagnosis.  The  diagnosis  of  parietal  (intra-mural)  ﬁstulae
and  entero-enteric  ﬁstulae  is  much  more  difﬁcult.  Only
a  third  of  surgically  proven  ﬁstulae  are  diagnosed  by  CT
[13,41].
L
A
hteral stenosis (arrow).
ylephlebitis
ylephlebitis  is  septic  thrombosis  of  the  portal  vein  or  a  vein
raining  the  diseased  segment  of  the  colon.  In  an  image
ithout  contrast  injection,  it  should  be  suspected  where  the
umen  is  hyperdense,  sometimes  associated  with  an  air  bub-
le  [42].  However,  diagnosis  with  certainty  relies  on  ﬁnding
n  endoluminal  defect  on  a  contrast-enhanced  image  (portal
hase,  70  to  80s)  (Fig.  9).  It  is  important  to  diagnose  pyle-
hlebitis,  as  effective  anticoagulation  must  be  combined
ith  the  antibiotic  treatment.iver  abscess
 rare  but  classic  complication,  liver  abscess  is  linked  to
aematogenous  spread  of  the  microorganism  (Fig.  9c).  A
776  E.  Sibileau  et  al.
Figure 4. Right diverticulitis with an inﬂamed diverticulum: a: without injection and; b: with injection: diverticulum containing a coprolith
with thickened and enhanced walls (thin arrow) in the centre of inﬁltration of the pericolic fat; thickened retroperitoneal fascia (thick
arrow).
Figure 5. Diverticulitis of the right colic ﬂexure mimicking cholecystitis: a, b: coronal and sagittal slices: colonic diverticulitis of the right
colic ﬂexure; inﬁltration of the peripheral fat extends to the bed of the gallbladder (arrow).
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figestive  cause  should  be  sought  for  any  liver  abscess.
olon  diverticulitis  is  nowadays  the  principal  cause  of  liver
bscesses  of  digestive  origin.
ifferential diagnosest  is  essential  to  know  the  differential  diagnoses,  especially
hose  which  can  be  sources  of  diagnostic  error,  because  of
heir  therapeutic  implications.
o
e
t
tifferential  diagnoses  for  focal  inﬁltration  of  the
ericolic  fat
rimary  epiploic  appendagitis  results  from  twisting  and/or
schaemia  of  a  fatty  fringe  attached  to  the  colon;  it  is  more
requent  on  the  left  and  clinically  can  pose  the  problem
f  differential  diagnosis  with  sigmoid  diverticulitis.  CT  is
ffective  for  conﬁrming  the  diagnosis  given  the  characteris-
ic  signs:  a  rounded  oblong  mass  of  fat  density  attached  to
he  colon,  surrounded  by  a  dense  ring  and  associated  with
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Figure 6. Diverticulitis with a giant diverticulum mimicking a perisigmoid abscess: a, b: axial and sagittal slices: image of air content (star),
with an air-ﬂuid level (arrow), attached to the sigmoid colon; c: sagittal slice: after antibiotic treatment air persists (star) communicating
with the lumen of the sigmoid colon (arrow).
Figure 7. Perforated sigmoid diverticulitis on the mesenteric side complicated by peritonitis and occlusion of the small intestine: a, b:
w), c
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Dcoronal and axial slices: perforated sigmoid diverticulitis (thick arro
(dotted arrow), and distended loops of small intestine (stars).
inﬁltration  of  the  adjacent  fat.  Focal  thickening  of  the  wall
of  the  colon  or  parietal  peritoneum  can  be  observed  [43,44].
Idiopathic  segmental  infarction  of  the  greater  omentum
predominantly  occurs  on  the  right  side.  It  has  the  same
signs  and  symptoms  as  appendagitis  but  is  more  widespread
[45].
Differentiating  between  cholecystitis  and  transverse
diverticulitis  where  inﬁltration  of  the  pericolic  fat  extends
into  the  gallbladder  bed  is  often  difﬁcult  (Fig.  5).  Ultra-
sound  examination  of  the  gallbladder  can  often  correctly
indicate  the  diagnosis  (gallbladder  lithiasis  with  a  thickened
ﬂaky  wall).
Differentiating  between  pelvic  appendicitis  and  diver-
ticulitis  of  the  sigmoid  colon  is  sometimes  complicated  in
CT  images,  due  to  locoregional  inﬁltration.  A  water-soluble
t
a
somplicated by voluminous collections (thin arrow), reactive ileitis
ontrast  enema  and  ultrasound  (transvaginal  in  women)
ften  helps  straighten  out  the  diagnosis.
ifferential  diagnoses  for  a  diverticulum:  colonic
seudodiverticulitis
he  prevalence  of  jejuno-ileal  diverticula  is  0.6  to  2.3%.
hese  single  or  multiple  pseudodiverticula,  located  on  the
esenteric  border  of  the  intestine,  are  large  and  numer-
us  in  the  jejunum  and  small  and  uncommon  in  the  ileum.
iverticular  perforation  is  uncommon,  and  because  of  their
opography  on  the  mesenteric  border,  the  perforation  is  usu-
lly  covered  [46].
CT  signs  of  diverticulitis  of  the  small  intestine  are  not
peciﬁc:  a diverticulum  with  a  thickened  wall,  associated
778  E.  Sibileau  et  al.
Figure 8. Colonic occlusion due to stenosis related to recurrent episodes of diverticulitis: a, b: axial and coronal slices: colonic distension
upstream of circumferential thickening of the wall of the sigmoid colon, with diverticula.
Figure 9. Sigmoid diverticulitis complicated by a liver abscess and pylephlebitis: a: axial slice: sigmoid diverticulitis (dotted arrow); b:
axial slice: thrombosis and air in the lumen of the mesenteric vein (thick arrow); c: axial slice: liver abscess (arrow).
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with  inﬂammation  of  the  peridiverticular  fat.  Its  differential
diagnosis  with  colon  diverticulitis  is  based  on  attachment  of
the  diverticulum  to  the  small  intestine  and  not  to  the  colon.
Errors  are  often  due  to  the  absence  of  opaciﬁcation  of  the
colon.
Differential  diagnoses  for  thickening  of  the  wall  of
the colon
Infected  or  perforated  inﬂammatory  colon  cancer
Colon  cancer  can  become  secondarily  infected  and  simu-
late  sigmoid  diverticulitis,  especially  since  the  prevalence  of
diverticulosis  explains  its  frequent  association  with  sigmoid
cancer  (Fig.  10).
CT  is  of  limited  use  for  differentiating  diverticulitis  from
inﬂammatory  or  perforated  colon  cancer.  In  the  literature,
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Figure 10. Colon cancer developed on sigmoid diverticulosis: a, b: a
acute connection (arrow) downstream of sigmoid diverticulosis.
Figure 11. Pseudotumoral sigmoid diverticulitis: a: axial slice: consider
colon (thick arrows), associated with diverticula and inﬁltration of the per
b: coronal slice: left obstructive hydronephrosis due to inﬂamed stenosis779
he  most  speciﬁc  signs  of  neoplasia  are  the  presence  of
ericolic  lymph  nodes,  a  sharp  transition  zone  and  pari-
tal  thickening  of  more  than  1  cm.  On  the  other  hand,
hickening  of  the  wall  of  the  colon  extending  for  more
han  10  cm,  a  progressive  transition  to  the  normal  wall,
nd  parietal  thickness  of  less  than  1  cm  are  signs  sug-
esting  diverticulitis  [47,48].  The  association  of  colonic
eoplasia  with  upstream  ischaemic  colitis  makes  diagno-
is  with  CT  even  more  difﬁcult  [49]. In  addition,  there
re  pseudotumour  forms  of  diverticulitis  (Fig.  11)  and  peri-
oneal  carcinomatosis  which  form  a  sheath  around  the  colon
imicking  colonic  diverticulitis  (Fig.  12).  Colon  cancer  ishe  essential  differential  diagnosis  for  colonic  diverticulitis
nd  should  be  systematically  sought  by  colonoscopy  or  CT
olonography,  at  a  time  other  than  during  an  acute  episode
30,31].
xial and coronal slices: circumferential tumour thickening with an
able circumferential stenosing thickening of the wall of the sigmoid
icolic fat. Ureter with a thickened wall near the colon (thin arrow);
.
780  E.  Sibileau  et  al.
Figure 12. Peritoneal carcinomatosis mimicking sigmoid diverticulitis: a: axial slice: thickening of the wall of the sigmoid colon resulting
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odules of the greater omentum (arrows).
nfectious  and  ischaemic  colitis
nfectious  colitis  can  mimic  diverticulitis,  clinically.  Thick-
ning  of  the  colon  wall  is  often  in  layers,  with  considerable
ucosal  hyperaemia  and  marked  submucosal  oedema.
Ischaemic  colitis  occurs  in  elderly  or  younger  patients
ith  vasculitis.  When  there  is  no  vasculitis,  the  usual  areas
re  the  splenic  ﬂexure,  the  transverse  colon  and  the  rec-
osigmoid  junction.  The  diagnosis  should  be  considered
here  there  is  segmental  thickening  of  the  wall  of  the  colon.
nﬁltration  of  the  pericolic  fat  is  inconsistent  (two  thirds  of
ases).
CT  is  the  most  effective  examination  technique,  but  the
igns  are  not  speciﬁc.  Diagnosis  is  achieved  with  certainty  by
aking  into  account  the  clinical  context,  CT  data,  the  results
f  stool  culture  and  coloscopy.
ppendicitis: misleading forms
imple  appendicitis  is  deﬁned  in  imaging  by  the  presence
f  an  appendix  with  a  diameter  of  more  than  6  mm,  com-
ined  with  inﬂammation  of  the  peripheral  fat  [2,3,5]. The
ontents  of  the  appendix  vary:  they  may  be  liquid,  sterco-
aceous  or  gaseous.  The  presence  of  gas  in  the  appendix  is
ound  in  20%  of  cases  of  appendicitis,  and  does  not  exclude
he  diagnosis  of  appendicitis  [26].  Because  of  their  ther-
peutic  implications,  it  is  important  to  be  aware  of  the
opographic  variations  and  the  different  complications  of
ppendicitis,  the  presentation  of  which  in  imaging  is  some-
imes  misleading.
articular forms and anatomical variants
articular  forms
ppendiceal  stump  appendicitis  [50]  (Fig.  13):  invagination
f  the  base  of  the  appendix  into  the  caecum  can  be  the  rea-
on  for  incomplete  appendectomy  and  may  be  responsible
or  recurrence  of  appendicitis.natomical  variants:  general  points
he  clinical  presentation  and  complications  of  acute
ppendicitis  depend  on  the  topography  of  the  appendix.
V
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pritoneal carcinomatosis with a large number of peritoneal tissue
ypoplasia  (or  agenesis),  duplication  and  congenital  diver-
icula  of  the  appendix  are  unusual.  The  ﬁrst  step  in  imaging
o  ﬁnd  the  appendix  is  to  locate  the  caecum,  the  position
f  which  can  vary.  Diagnosis  is  therefore  sometimes  difﬁ-
ult  with  ultrasound,  particularly  with  ectopic  appendicitis,
or  which  the  use  of  CT  is  essential.  With  CT,  the  caecum
s  located  by  following  the  rectum  to  the  right  colon  and
nding  the  ileocaecal  valve,  perhaps  being  aided  by  its  fat
omponent.  Two  features,  which  can  occur  together,  explain
he  variability  in  position  of  the  appendix  [51,52]:
variation  in  the  length  or  position  of  the  appendix  relative
to  an  orthotopic  caecum;
variation  in  the  position  of  the  appendix  caused  by  a  het-
erotopic  caecum  (lack  of  attachment  of  the  right  fascia
of  Toldt  or  abnormal  migration  of  the  caecum).
ariation  in  the  length  or position  of  the  appendix
elative to  an  orthotopic  caecum
he  appendix  is  located  2  cm  below  the  ileocaecal  junction,
here  the  taeniae  coli  converge.  Its  length  is  variable,  from
 to  10  cm  up  to  20  cm  [53].
ariation  in  position
any  positions  relative  to  the  caecum  have  been  recorded.
he  appendix  can  be  pelvic,  mesocoeliac  (between  loops
f  the  small  intestine  in  the  periumbilical  region),  sub-
epatic,  in  an  inguinal  hernia  (Amyand’s  hernia),  or  more
arely  in  a  Spigelian  hernia  (Fig.  14).  Mesocoeliac  appen-
icitis  more  frequently  appears  as  a  febrile  occlusion.  The
wo  main  differential  diagnoses  for  it  are  sigmoid  divertic-
litis  perforated  on  the  anti-mesosigmoid  side  and  Meckel’s
iverticulitis.  In  women,  pelvic  appendicitis  can  mimic  a
ynaecological  condition  and  may  easily  be  complicated  by
n  abscess  in  the  pouch  of  Douglas  (Fig.  15).ariation  in  length
esocoeliac,  subhepatic  or  pelvic  appendicitis  can  also  be
elated  to  a  long  appendix  with  the  caecum  in  its  normal
lace.
Appendicitis  and  diverticulitis  of  the  colon:  Misleading  forms  781
Figure 13. Appendicitis of an appendiceal stump (history of appendectomy 20 years before): a, b: coronal and axial slices: thickened
appendiceal stump (arrow) associated with inﬁltration of the peripheral fat and thickening of the distal ileal loop.
Figure 14. Retrocolic retrocaecal appendicitis in an incompletely rotated caecum: a, b: sagittal oblique reconstruction and coronal slice:
retrocaecal appendicitis (thin arrow) with perforation at the tip of the appendix, with a subhepatic contiguity collection (thick arrow);
endic
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Cincompletely rotated caecum (star); c: axial slice: retrocaecal app
pararenal fascia (dotted arrow); subhepatic collection (thick arrow
Variation  in  position  of  the  appendix  due  to  a
heterotopic caecum
Lack  of  attachment  of  the  fascia  of  Toldt
Lack  of  attachment  of  the  fascia  of  Toldt  is  responsible
for  a  caecum  that  is  mobile  within  the  peritoneal  cavity
(complete  in  11%  and  partial  in  23%  of  the  population).  An
appendix  can  be  found  in  the  mesocoeliac  position  due  to
abnormal  length  and/or  the  abnormal  position  of  the  cae-
cum  (Fig.  16).
Abnormal  migration  of  the  caecum
Abnormal  migration  of  the  caecum  is  due  to  the  absence  or
interrupted  rotation  of  the  primitive  intestinal  loop  during
embryonic  development  (complete  or  incomplete  common
mesentery,  situs  inversus  due  to  reversed  rotation).
P
T
aitis (white arrow), responsible for thickening of the right anterior
A  complete  common  mesentery  is  due  to  interruption  of
ntestinal  rotation  at  90◦.  The  colon  is  thus  on  the  left,  the
mall  intestine  on  the  right  and  the  caecum  anterior-medial.
he  appendix  is  thus  in  a  mesocoeliac  position.  The  superior
esenteric  artery  is  to  the  right  of  the  superior  mesenteric
ein  (Fig.  17).
An  incomplete  common  mesentery  is  produced  by  rota-
ion  interrupted  at  180◦.  The  caecum  has  ascended  to  a
ubhepatic  position.
omplicationserforation
here  are  two  types  of  perforation:  a  localised  form  seen  as
 lack  of  enhancement  or  a focal  break  in  the  continuity  of
782  E.  Sibileau  et  al.
Figure 15. Perforated pelvic appendicitis complicated by an ovarian abscess: a: axial slice: pelvic appendicitis (thin arrow); caecum
(star); b: axial slice: appendicitis containing a coprolith (thin arrow), perforated at the tip (black arrow) and complicated by an abscess
(thick arrow); c: axial slice: right juxta-ovarian contiguity abscess (arrow). Note mature left ovarian teratoma (black arrow).
Figure 16. Mesocoeliac appendicitis with lack of attachment of the caecum and abnormal length: a: oblique coronal reconstruction: high
caecum (star), appendix with an increased diameter containing coproliths (arrow). S: stomach; L: liver; b: axial slice: enlarged mesocoeliac
appendix, the site of several coproliths, in an enlarged liquid-ﬁlled lumen (thin arrow).
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Figure 17. Left appendicitis with a complete common mesentery (kindly provided by Dr Yann Geffroy, Laveran Military Hospital, Marseille):
a: axial slice: vascular malposition, with the superior mesenteric artery (white arrow) to the right of the superior mesenteric vein; b:
 fasc
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waxial slice: appendix situated in front of the left anterior pararenal
an intraluminal coprolith (arrow); c: coronal oblique slice: inﬂamed
the  wall  of  the  appendix;  in  the  diffuse  form,  the  appendix
is  no  longer  seen,  sometimes  resulting  in  a  diagnostic  error.
The  most  speciﬁc  signs  of  perforation  are  an  extra-
digestive  coprolith  and/or  extra-digestive  gas  bubbles
[54,55].  A  periappendiceal  abscess,  reﬂex  ileus,  or  lack  of
parietal  enhancement  are  not  speciﬁc  signs.
Local  abscess  formation
Periappendiceal  abscess  is  the  most  common  complication
of  perforation.  It  is  most  often  located  at  the  ileocaecal
junction  or  in  the  pouch  of  Douglas  (Fig.  18).  A  voluminous
abscess  can  mask  the  perforated  inﬂamed  appendix.
Appendiceal  mass  is  deﬁned  surgically  as  follows:  an
agglomerate  of  small  intestinal  loops  centred  on  the
inﬂamed  appendix,  in  the  absence  of  an  abscess.  It  is  a  clin-
ical  term  and  should  not  be  used  in  imaging  reports  because
it  could  delay  surgical  treatment.
t
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(ia, identiﬁed on the non contrast-enhanced acquisition because of
endix (arrow) with the liquid-ﬁlled lumen containing coproliths.
ebrile  occlusion  of  the  small  intestine
cclusion  of  the  small  intestine  secondary  to  appendicitis  is
are  and  often  of  mixed  mechanical  and  functional  origin.
he  loops  of  small  intestine  become  impacted  around  the
ite  of  inﬂammation,  and  can  mask  the  inﬂamed  appendix
Fig.  18).
ylephlebitis
his  rare  complication  (0.05%  for  simple  appendicitis  and
.3%  for  perforated  appendicitis)  is  a  septic  thrombosis  of
he  portal  vein  or  one  of  its  drainage  veins  [56,57].  In  CT
t  appears  as  an  endoluminal  defect  more  or  less  associated
ith  gas  in  the  lumen  of  the  ileocaecal-appendiceal  veins,
he  superior  mesenteric  vein  or  portal  vein.  It  is  essential  to
iagnose  it  because  it  involves  anticoagulation  and  antibi-
tic  treatment  for  several  weeks  after  the  appendectomy
Fig.  19).
784  E.  Sibileau  et  al.
Figure 18. Febrile occlusion revealing pelvic appendicitis with perforation at the tip of the appendix with an abscess: a: coronal slice:
dilatation of the loops of small intestine; one intestinal loop (thick arrow) is next to an abscess (thin arrow); ovarian cyst (black star); b:
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aecum (star).
iver  abscess
his  is  a  complication  which  has  become  rare  because  of
apid  management  and  appropriate  antibiotic  treatment.
iver  abscesses  have  a  portal  origin  [58]. They  may  be  sin-
le  or  multiple,  more  often  in  the  right  lobe  of  the  liver
ecause  of  the  direction  of  portal  ﬂow  (the  right  branch  of
he  portal  vein  in  line  with  the  ﬂow).  Any  liver  abscess  should
ean  looking  for  a  digestive  cause  (diverticulitis,  appen-
icitis,  colon  cancer  or  chronic  inﬂammatory  disease  of  the
ntestine).
ifferential diagnoses
ifferential  diagnoses  for  inﬁltration  of  the  fat  in
he ileocaecal-appendiceal  region
Diverticulitis  of  the  right  colon:  the  most  speciﬁc  sign
for  this  is  the  presence  of  an  inﬂamed  diverticulum  (a
diverticulum  with  a  thickened  wall,  centred  on  a  site  of
fat  densiﬁcation,  with  a  lumen  containing  a  coprolith)
[34,35]  (Fig.  4).  A  CT  scan  is  also  useful,  showing  a  normal
appendix;
epiploic  appendagitis,  less  common  on  the  right,  and
infarction  of  the  greater  omentum,  more  frequent  on  the
right:  in  both  cases,  the  signs  are  very  evocative  and
errors  are  rare;
Meckel’s  diverticulitis:  an  inﬂammation  of  a  residue  of
the  embryonic  omphalo-mesenteric  duct  connected  to  the
distal  loop  of  the  ileum.  To  differentiate  Meckel’s  diver-
ticulitis  from  mesocoeliac  appendicitis,  the  caecum  and
the  attachment  of  the  inﬂamed  structure  to  the  caecum
or  ileal  loop  must  be  located  [47].
ifferential  diagnoses  for  thickening  of  the  wall  of
he distal  loop
Inﬂammatory  or  infectious  ileitis  must  be  differentiated
from  reactive  ileitis  (Fig.  20);
mesenteric  lymphadenitis:  in  its  primary  forms  this  is
an  infectious  lesion  of  the  terminal  ileum  (often  caused
o
g
l
p arrow); effusion contiguous with the distal ileal loop (thick arrow);
by  Yersinia  enterocolitica  or  Campolylobacter) associ-
ated  with  mesenteric  lymphadenomegalies.  In  imaging,
the  lymphadenitis  is  seen  as  circumferential  thickening  of
the  terminal  ileum  and  mesenteric  lymphadenomegalies
of  up  to  10  mm  in  their  smallest  diameter.  It  is  essential
to  recognize  it  as  its  treatment  is  never  surgical;
Crohn’s  disease:  this  is  still  too  often  diagnosed  when
an  appendectomy  is  performed  or  when  subsequent
complications  occur  [7]. It  should  be  considered  when
imaging  shows  segmental  involvement  of  the  terminal
ileum,  in  the  form  of  circumferential,  symmetrical  thick-
ening  (Fig.  21)  sometimes  associated  with  images  of
transmural  ulceration.  The  fat  is  often  the  site  of  scle-
rolipomatosis.  Abscesses  and  (particularly  entero-enteric)
ﬁstulae  suggest  the  diagnosis  [59]  (Fig.  22).  Involvement
of  the  colon  or  appendix  is  classic  and  complicates  differ-
ential  diagnosis  with  appendicitis.
ifferential  diagnoses  for  thickening  of  the  bottom
f the  caecum
t  is  often  difﬁcult  to  differentiate  reactive  caecitis  result-
ng  from  appendicitis  from  a caecal  tumour  complicated  by
ppendix  retention.  A  water  enema  allows  the  caecal  thick-
ning  to  be  explored  more  easily.  In  reactive  caecitis,  the
hickening  is  ﬁne,  regular  and  focal,  centred  on  the  appendix
Fig.  20c).
ifferential  diagnoses  for  thickening  of  the  wall  of
he appendix
t  is  often  difﬁcult  to  differentiate  between  pseudotumoral
ppendicitis  and  an  appendiceal  tumour  (adenocarcinoma,
ucocele).  Similarly,  it  is  difﬁcult  to  identify  appendicitis
here  there  is  actinomycosis  (Fig.  23).
The  macroscopic  deﬁnition  of  a  mucocele  is  the  lumenf  an  appendix  distended  with  mucus.  Signs  in  imaging  sug-
est  that  there  is  a large  appendix  due  to  dilatation  of  its
umen,  thin,  sometimes  calciﬁed  walls  without  inﬁltration  of
eripheral  fat.  Appendicitis  with  retention  has  thick  walls,
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Figure 19. Perforated posterior ileocaecal appendicitis complicated by pylephlebitis: a, b: axial slices: perforated appendix with poorly
deﬁned, non-enhanced walls (thick arrows); c: axial slice: thrombus in the superior mesenteric vein (arrow).
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Figure 20. Appendicitis associated with caecitis and reactive terminal ileitis: a: axial slice: pelvic appendicitis (thin arrows) complicated
by ileitis (short arrow) and thickening of the bottom of the caecum (thick arrow). The last ileal loop furthermost from the ileocaecal junction
is not inﬂamed (dotted arrow); b: axial slice: pelvic appendicitis (thin arrow), with perforation at the tip of the appendix, complicated by a
poorly deﬁned collection (thick arrow); c: coronal slice: reactive thickening of the bottom of the caecum (thick arrow) and the distal ileal
loop (dotted arrow).
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Figure 21. Crohn’s disease revealed by an appendiceal condition: a: axial slice: circumferential thickening of the distal loop of the ileum
(thick arrow) associated with a retro-ileal appendix with an enlarged diameter (thin arrow); caecum (star); b: coronal slice: terminal ileum
with thickened wall (thick arrow); c: oblique coronal reconstruction: reactive inﬂamed appendix with increased diameter and thickened
walls (thin arrow).
Figure 22. Crohn’s disease revealed by an appendiceal condition: a: axial slice: inﬁltration of the fat of the ileocaecal junction and
retroperitoneal fascia (thin arrow), associated with an air-ﬂuid collection (abscess) (thick arrow); caecum (star); b, c: axial slices: thickening
of the distal ileal loop (ileitis) (thick arrow) and the wall of the caecum (caecitis) (star); appendix with increased diameter and thickened
walls (thin arrow). Extension of the ileitis beyond the ileocaecal-appendiceal junction (thick black arrow) is a good argument for primary
ileitis rather than a reaction to appendicitis.
788  
Figure 23. Pelvic appendiceal actinomycosis on a foreign body.
Axial slice: pseudotumoral thickening of the appendix (white arrow)
in the lumen of which there is a dense foreign body (black arrow).
i
a
e
t
g
C
A
k
t
a
sensitive  sign.
F
t
cnﬁltration  of  the  periappendiceal  fat  and  often  a  coprolith
t  its  base  [60].
Appendiceal  adenocarcinoma  is  a  rare  tumour  of  the
lderly.  Evocative  CT  signs  are  heterogeneous  thickening  of
he  walls  of  the  appendix  associated  with  lymphadenome-
alies  [61]  (Fig.  24).igure 24. Adenocarcinoma of the appendix and bottom of the caecum
hickening of the tissue of the bottom of the caecum (thick arrow) and 
oronal slice: lymphadenomegalies along the caeco-appendiceal vasculaE.  Sibileau  et  al.
onclusion
ppendicitis  and  diverticulitis  are  conditions  with  well-
nown  appearances  in  imaging.  Nevertheless,  knowledge  of
he  anatomical  variants  and  complications  is  essential  to
void  wrong  diagnosis  when  the  presentation  is  atypical.
TAKE-HOME  MESSAGES
Techniques
• Ultrasound  is  the  ﬁrst-line  examination  in  cases  of
suspected  appendicitis.
• CT  images  for  febrile  acute  abdomen  must  cover
the  entire  abdominopelvic  cavity  and  be  performed
with  injection  of  a  contrast  agent  unless  there  is  a
contraindication.
• A  CT  scan  for  suspected  diverticulitis  must  be
undertaken  within  72  hours  of  the  clinical  diagnosis.
• CT  is  not  very  reliable  for  differentiating
diverticulitis  from  an  inﬂammatory  or  perforated
colon  cancer.
Diverticulitis
• Owing  to  its  topography,  right  or  left  diverticulitis
can  have  retroperitoneal  expression.
• An  inﬂamed  diverticulum  is  the  preserve  of  right
diverticulitis.  This  is  a  very  speciﬁc  but  not  very revealed by appendiceal symptoms: a, b: axial and coronal slices:
the appendix, the lumen of which is not distended (thin arrow); c:
r pedicle, some of which are necrotic (arrow).
Appendicitis  and  diverticulitis  of  the  colon:  Misleading  forms  
Appendicitis
• ‘‘Appendiceal  mass’’  is  a  surgical  term  and  should
not  be  used  in  imaging  reports.
• Crohn’s  disease  should  be  considered  when  there  is
a  pseudo-appendiceal  condition  associated  with  an
ileal  segmental  lesion.
• If  there  is  febrile  occlusion  of  the  small  intestine,
you  should  look  for  appendicitis  or  diverticulitis.
• A  digestive  cause  (diverticulitis,  appendicitis,
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colon  cancer,  chronic  inﬂammatory  disease  of  the
intestine)  should  be  sought  for  any  liver  abscess. 1
Figure 25. Contrast-enhanced abdominopelvic CT scan.789
linical case
ere  are  some  contrast-enhanced  CT  images  (Fig.  25).
uestions
.  What  abnormalities  can  you  see?
.  Could  the  diagnosis  be  diverticulitis  of  the  sigmoid  colon?
.  What  ﬁnal  diagnosis  would  you  put  forward?.  On  the  CT  image,  there  is  thickening  of  the  walls  of  the
sigmoid  colon  associated  with  inﬁltration  of  the  pericolic
790  E.  Sibileau  et  al.
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[igure 26. Contrast enhanced CT from abdomen to pelvis (with a
fat.  There  is  also  a  rounded  addition  image  contiguous
with  the  colon,  with  a  calciﬁed  image  in  the  centre  which
could  be  a  coprolith  (Fig.  26a):  this  image  suggests  an
inﬂamed  diverticulum.
.  It  could  certainly  be  diverticulitis  of  the  sigmoid  colon,
but  in  this  case,  the  addition  image  would  be  an  inﬂamed
diverticulum.  However,  inﬂamed  diverticula  are  rare  in
the  sigmoid  colon.
.  The  ﬁnal  diagnosis  is  pelvic  appendicitis  (appendix  with
thickened  walls  and  distended  lumen,  surrounded  by
inﬁltration  of  the  periappendiceal  fat)  (Fig.  26b)  (arrow),
complicated  by  inﬂammation  of  the  sigmoid  colon  (star)
by  contiguity.
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